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Brief description ofthe Department and Research Group (including URL if applicable):

The “Engineering Physicsin Nanostructured Materials and Devices — PhyND” group is part of the
Department of Physics of Politecnico di Milano, and is located at PoliFab, the micro-
nanofabrication center of PoliMi. We develop and use advanced methodologies for tailoring the
physical properties of condensed matter systems, with precision down to the nanoscopic scale. Our
research aims to realize and study new artificial nanostructured materials and devices where to
harness complex phenomena and give rise to enhanced functionalities.

We are funded by several national and EU sources, such as ERC Starting Grant (B3YOND), MUR,
Fondazione Cariplo, Eurostars.

The group currently comprises 2 Associate Professor, 2 PostDoc, 5 PhD. Students and 2 Master
students.
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Introduction

Multiferroic materials, which simultaneously exhibit more than one ferroicorder parameter (e.g.,
ferroelectricity, ferromagnetism), have garnered immense attention due to their potential in next-
generation multifunctional devices. Controlling the coupling between these order parametersin
thin film oxidesis of crucial importance for both fundamental science and applications, yet it is
extremely challenging. This proposal introduces an innovative approach: leveraging the direct
modification of the properties of materials via phase nanoengineering [1], to manipulate
multiferroic oxides at the nanoscale, thereby achieving unprecedented control over their ferroic
properties.

Objectives and Methodology

Our goal is to develop and use advanced nanofabrication techniques, such as thermal scanning
probe lithography (tSPL)[2—4] and direct laser writing (DLW), to tailor the ferroelectricand
magnetic properties of multiferroic oxides with nanometric precision. tSPLand DLW allows to
deliver highly localized heat to the surface of a thin film sample, with spatial resolutiondownto
sub-10 nm and a high degree of tunability. Such nanoscale heat produces sizeable, tunable and
stable changes in the structural, magneticand electronic properties of the materials. This process,
known as phase nanoengineering, will allow for the spatial modulation of multiferroicbehavior,
enabling the creation of nanostructures with customizable ferroic orders. By employing advanced
complementary characterization tools such as scanning probe microscopy, transport
measurements, Raman microscopy, Magneto-optical Kerr Effect, we aim to correlate and study the
relationship between nanostructure and multiferroic properties. This will lead to the emergence of
new properties in the nanostructured oxides to be exploited for the design of nanoelectronicand
spintronicdevices that leverage the unique capabilities of multiferroics.

Through the manipulation of multiferroic oxides at the nanoscale, this research aims to develop a
new methodology for nanostructuring functional multiferroic oxides, realizing novel multiferroic
nanostructured materials. By advancing our ability to control ferroic properties with nanometric
precision, we will open the way to the development of a new class of multifunctional
nanonadevices.
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